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A B S T R A C T
Background: Although stroke is more common with advancing age, especially in the elderly, women of
reproductive age may still suffer from stroke, and from its deleterious consequences. Women of
reproductive age who suffer a stroke may do so either due to a speciﬁc predisposition, or due to
pregnancy-related hypertensive emergencies.
Objective: To assess the risk of stroke recurrence in pregnancy and the postpartum period in women who
have suffered a stroke before pregnancy.
Study design: This was a retrospective cohort study conducted at Thomas Jefferson University Hospital
from January 2005 to December 2015. This is a tertiary referral center for high-risk obstetrics and one of
the largest stroke referral centers for neurosurgery. All consecutive pregnant women that had a viable
pregnancy (24 weeks of gestation) and a history of stroke prior to pregnancy were identiﬁed. The
primary outcome of this study was stroke recurrence in pregnancy or the postpartum period deﬁned as 6
weeks after delivery.
Results: Forty-eight pregnancies with a history of stroke before pregnancy were identiﬁed in 24 women.
Thirty-one pregnancies (64.6%) had a history of an ischemic stroke, 11 (22.9%) had a history of transient
ischemic attack, and 6 (12.5%) had a history of a hemorrhagic stroke. There was no stroke recurrence
during pregnancy or the postpartum period for the three groups of stroke. In the ischemic stroke group, 8
(25.8%) had recurrence in the non-pregnant state compared to none in the TIA and the hemorrhagic
stroke group.
Conclusion: There was no stroke recurrence during pregnancy or the postpartum period for the three
groups of stroke.
© 2019 Published by Elsevier B.V.
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Although stroke is more common with advancing age,
especially in the elderly, women of reproductive age may still
suffer from stroke, and from its deleterious consequences [1].
Women of reproductive age who suffer a stroke may do so either
due to a speciﬁc predisposition, such as a brain aneurysm or a
speciﬁc clotting disorder, or due to pregnancy-related hyperten-
sive emergencies [2].* Corresponding author.
E-mail address: gabriele.saccone.1990@gmail.com (G. Saccone).
https://doi.org/10.1016/j.ejogrb.2019.03.005
0301-2115/© 2019 Published by Elsevier B.V.Hypertensive disorders in pregnancy remain a major cause of
maternal morbidity mortality in the United States [3]. Stroke in
pregnancy and the peripartum period is a known complication of
hypertensive emergencies, and continues to be a serious clinical
challenge despite national safety bundles to minimize the
deleterious effects of such acute emergencies [4].
Fortunately, many women of reproductive age who suffered a
stroke, have a good prognosis [5]. They often present either for
prenatal or preconception counseling to assess the maternal risks
to help in their decision-making whether to start, continue or
terminate a pregnancy. While counseling women who have
suffered a stroke may be guided by the patient’s predisposing
risk factors, it remains challenging to counsel patients about the
possibility of stroke recurrence in pregnancy.
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recurrence in pregnancy and the postpartum period in women who
have suffered a stroke before pregnancy.
Materials and methods
This was a retrospective cohort study conducted at Thomas
Jefferson University Hospital from January 2005 to December 2015.
This is a tertiary referral center for high-risk obstetrics and one of
the largest stroke referral centers for neurosurgery. This study was
approved by the Institutional Review Board of Thomas Jefferson
University.
All consecutive pregnant women that had a viable pregnancy
(24 weeks of gestation) and a history of stroke prior to pregnancy
were identiﬁed. Only women with conﬁrmed documentation of
stroke by established criteria were included. This was done ﬁrst by
identifying patients who had a history of a stroke and presented to
the Obstetrics and Gynecology Department for prenatal care or
preconception counseling. Second, the database of the neurosur-
gery department was accessed to identify all women of reproduc-
tive age (18–45) who were admitted and treated for a stroke. These
patients’ medical records were reviewed; patients were also
subsequently reached and interviewed over the phone for their
detailed obstetrical and medical history.
Information on maternal characteristics such as maternal age,
gravidity and parity, BMI, pregnancy-associated hypertensive
disorders and gestational age for delivery was recorded. A detailed
history about each patient’s stroke was collected. The type of
stroke was classiﬁed according to the American Stroke Association:
ischemic, hemorrhagic or transient ischemic attack (TIA) [6]. Any
predisposing factor for a stroke was recorded. If there were any
neurological deﬁcits after the stroke, a detailed neurological
history was taken.
The primary outcome of this study was stroke recurrence in
pregnancy or the postpartum period deﬁned as 6 weeks after
delivery. Secondary outcomes included pregnancy outcomes.
Statistical analysis was performed using Statistical Package for
Social Sciences (SPSS) v. 19.0 (IBM Inc., Armonk, NY, USA). Data are
shown as means  standard deviation (SD), or as medians (range),
or as numbers (percentage). Univariate comparisons of dichoto-
mous data were performed with the use of the chi-square with
continuity correction. Comparisons between groups wereTable 1
Demographic characteristics.
Ischemic Stroke n = 31 
Race
Black 17 (54.8) 
White 10 (32.3) 
Hispanic 2 (6.5) 
Other 2 (6.5) 
Maternal age (years) 31.3  5.4 
History of substance abuse 4 (12.9) 
History of Tobacco abuse 9 (29) 
Data are presented as number (percentage) or as mean  standard deviation.
Table 2
Prior stroke details and related Pregnancy Management.
Ischemic Stroke N = 31 
Stroke recurrence in non-pregnant state 8 (25.8) 
Maternal age of ﬁrst stroke 23.9  7.6 
Interval stroke to pregnancy (years) 6.7  4.7 
Anticoagulation in pregnancy 5 (16.1) 
Aspirin in pregnancy 13 (41.9) 
Data are presented as number (percentage) or as mean  standard deviation. Boldface performed with the use of the t-test to test group means with
SD by assuming equal within-group variances, and with the use of
the Mann-Whitney U test to calculate group medians with range. A
p-value <0.05 was considered to indicate statistical signiﬁcance.
Results
Forty-eight pregnancies with a history of stroke before
pregnancy were identiﬁed in 24 women. The primary outcome
of stroke recurrence of these patients was available for all patients.
Obstetrical outcome including mode of delivery was available for
42 pregnancies.
Thirty-one pregnancies (64.6%) had a history of an ischemic
stroke, 11 (22.9%) had a history of transient ischemic attack, and 6
(12.5%) had a history of a hemorrhagic stroke.
Baseline characteristics of the three groups of stroke are shown
in Table 1.
African American race was signiﬁcantly more common (70.8%)
compared to white (20.8%) or Hispanic race (4.1%) (p < 0.05). Five
patients (16.1%) with a history of ischemic stroke had prophylactic
anticoagulation with low molecular weight heparin at prophylactic
dose; almost half of the women were on low-dose aspirin 81 mg
Eleven women had chronic hypertension and ﬁve had
hypertensive disorders of pregnancy (either preeclampsia or
gestational hypertension). Nine patients were smokers.
There was no stroke recurrence during pregnancy or the
postpartum period for the three groups of stroke. In the ischemic
stroke group, 8 (25.8%) had recurrence in the non-pregnant state
compared to none in the TIA and the hemorrhagic stroke group
(Table 2).
There was no difference in the incidence of hypertensive
disorders in pregnancy or gestational age at delivery among the
three groups of stroke. The incidence of cesarean delivery was
signiﬁcantly higher in the hemorrhagic stroke group compared to
the ischemic or TIA group (p < 0.05) (Table 3).
Discussion
While the risk of stroke is low among women of reproductive
age [6], this cohort of women does present with pregnancies that
are clinically challenging in their management given the concern
for stroke recurrence during pregnancy. In our study we found a 0%TIA n = 11 Hemorrhagic Stroke n = 6 p value
11 (100) 6 (100) 0.14
– – –
– – –
– – –
26.7  5.4 30.5  6.6 0.47
0 (0) 0 (0) 0.95
0 (0) 0 (0) 0.74
TIA N = 11 Hemorrhagic Stroke N = 6 p value
0 (0) 0 (0) –
22.5  3.0 26  8.3 0.41
4.3  4.1 4.5  3.1 0.75
3 (27.3) 0 (0) 0.12
0 (0) 2 (3.3) <0.01
data, statistically signiﬁcant.
Table 3
Stroke before pregnancy and subsequent pregnancy outcomes.
Ischemic Stroke n = 31 TIA n = 11 Hemorrhagic Stroke n = 6 p value
Stroke recurrence in pregnancy 0 (0) 0 (0) 0 (0) –
Miscarriage 6 (19.4) 0 (0) 2 (33.3) <0.01
Ectopic 1 (3.2) 1 (9.1) 0 (0) 0.21
Hypertensive disorder in pregnancy 3 (9.7) 2 (18.2) 0 (0) 0.09
Gestational age at delivery (weeks) 37.9  1.9 38.5  1.3 38.3  1.5 0.45
Vaginal delivery 15 (62.5) 4 (40) 0 (0) 0.08
Cesarean delivery 6 (25.0) 5 (50) 4 (100) <0.01
Data are presented as number (percentage) or as mean  standard deviation. Boldface data, statistically signiﬁcant.
Table 4
Prior studies of women with prior stroke and subsequent pregnancy.
N Type of prior stroke Number of subsequent
pregnancies
N/N (%) recurrence of
stroke in pregnancy or
6 weeks post-partum
Lamy et al. [7] 441 373 ischemic stroke; 68 cerebral venous thrombosis 187 2/187 (1%)
van Alebeek et al. [8] 213 132 ischemic stroke; 81 transient ischemic attack 569 0/569 (0%)
Soriano et al. [9] 12* 7 ischemic stroke; 3 transient ischemic attack;3
amaurosis fugax
15 4/15 (27%)
Fischer-Betz et al. [11] 20* 12 ischemic stroke; 8 transient ischemic attack 23 3/23 (13%)
Coppage et al AJOG 2004 [10] 23 6 ischemic stroke; 1 cerebral venous thrombosis; 16
type not identiﬁed
35 0/35 (0%)
Cruz-Herranz et al. [12] 102 64 ischemic stroke; 24 transient ischemic attack; 12
cerebral venous thrombosis; 1 intracranial hemorrhage
32 0/32 (0%)
* All patients with thrombophilia predisposing them to thromboembolic events.
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other studies, such as a French study that reviewed 187
pregnancies with a history of ischemic stroke and found a
recurrence rate of 1% [7].
A more recent larger study, this one from the Netherlands, that
reviewed 213 pregnant women with a history of stroke also found a
recurrence rate of 0% during pregnancy [8]. Our results, however,
were not consistent with a smaller study of 12 patients with
thrombophilia, which found a 27% rate of stroke recurrence [9].
Unlike our study, which looked at all subtypes of strokes
including history of hemorrhagic stroke, other studies eitherTable 5
Characteristics of women with stroke recurrence in pregnancy.
Case # Cerebrovascular event Underlying
thrombophilia
Situation in which stro
1 (Lamy
et al.)
Arterial ischemic stroke Thrombocythemia Third-trimester, associ
preeclampsia
2 (Lamy
et al.)
Arterial ischemic stroke Primary APS After spontaneous abo
3 (Soriano
et al.)
TIA Protein S, C
deﬁciency
32 weeks of pregnancy
4 (Soriano
et al.)
TIA – Temporary
paresthesia of the left arm
APS 
5 (Soriano
et al.)
TIA – Recurrent amaurosis
fugax
APS 
6 (Soriano
et al.)
TIA – Recurrent amaurosis
fugax
APS 
7 (Fischer-
Betz
et al.)
TIA – Slurred speech and
numbness of left hand
Primary APS 34 weeks of pregnancy
8 (Fischer-
Betz
et al.)
TIA – Monocular vision loss Primary APS 4 weeks postpartum af
at 35 weeks due to pre
9 (Fischer-
Betz
et al.)
Arterial ischemic stroke –
Paresthesia of the right
hand
Secondary APS 1 week postpartum aft
at 36 weeks due to HE
APS- Antiphospholipid antibody syndrome.included only women with a history of ischemic stroke or TIA [7–
10] or did not at all deﬁne the subtypes of strokes [11].
Another interesting ﬁnding in our study was that even in
patients that had stroke recurrence in the non-pregnant state,
stroke did not occur in pregnancy. This was consistent with the
recent Dutch study [8].
All women with a history of an ischemic stroke or a TIA had a
cesarean delivery for obstetrical indications. However, those with a
history of a hemorrhagic stroke had planned caesarean deliveries
despite the lack of consensus on modeof deliveryeven in the absence
of cerebrovascular malformations, such as brain aneurysms.ke occurred Prophylactic treatment Other
complications of
pregnancy
ated with LMWH for duration of pregnancy
rtion None
 LMWH and ASA 100 mg/day through at
least 6 weeks postpartum
None
LMWH and ASA 100 mg/day through at
least 6 weeks postpartum
Preeclampsia
with severe
features
LMWH and ASA 100 mg/day through at
least 6 weeks postpartum
None
LMWH and ASA 100 mg/daily through
at least 6 weeks postpartum
None
 LMWH and ASA, after event ASA dose
increased to 300mg
None
ter caesarean section
eclampsia and IUGR
LMWH and ASA throughout pregnancy,
patient discontinued ASA after delivery
Preeclampsia
and IUGR
er caesarean section
LPP syndrome
LMWH and 100 mg/day ASA, switched
to warfarin 3 weeks postpartum
HELLP syndrome
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that had a history of stroke before pregnancy. About 1% (9
patients) had stroke recurrence in pregnancy (Table 4). After
reviewing all patients’ characteristics, the most common
predisposing risk factor for stroke recurrence was antiphos-
pholipid antibody syndrome (APS), occurring in 7 patients
(Table 5). This is an important ﬁnding as this would help guide
the clinician’s counseling regarding the risks for stroke
recurrence.
Our study’s main strength is that it included patients with a
history of all subtypes of strokes, including hemorrhagic stroke.
The number of patients in this subcategory, however, remains
small, making it difﬁcult to generalize pregnancy management.
Also, our study collected all the data in literature regarding stroke
recurrence in pregnancy and identiﬁed the individual character-
istics of patients who had a stroke.
Nevertheless, our study adds further evidence to the literature
that pregnancy after a stroke without deleterious neurological
consequences has a very low risk of stroke recurrence with proper
management including anticoagulation. This ﬁnding will help with
patient counseling in the preconception and the prenatal period.
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